Background: Most previous studies on mortality in violent offenders or victims are based on prison or hospital samples, while this study analyzed overall and cause specific mortality among violent offenders, victims, and individuals who were both offenders and victims in a general sample of 48,834 18-20 year-old men conscripted for military service in 1969/70 in Sweden. Methods: Each person completed two non-anonymous questionnaires concerning family, psychological, and behavioral factors. The cohort was followed for 35 years through official registers regarding violent offenses, victimization, and mortality. The impact of violence, victimization, early risk factors and hospitalization for psychiatric diagnosis or alcohol and drug misuse during follow up on mortality was investigated using Cox proportional hazard regression analyses. Results: Repeat violent offenses were associated with an eleven fold higher hazard of dying from a substancerelated cause and nearly fourfold higher hazard of dying from suicide. These figures remained significantly elevated also in multivariate analyses, with a 3.03 and 2.39 hazard ratio (HR), respectively. Participants with experience of violence and inpatient care for substance abuse or psychiatric disorder had about a two to threefold higher risk of dying compared to participants with no substance use or psychiatric disorder. Conclusions: Violent offending and being victimized are associated with excess mortality and a risk of dying from an alcohol or drug-related cause or suicide. Consequently, prevention of violent behavior might have an effect on overall mortality and suicide rates. Prevention of alcohol and drug use is also warranted.
Background
Violence is a serious public health concern, especially among young people. Previous studies have shown that violent and criminal offenders have increased mortality [1] [2] [3] [4] . Tikkanen et al. found four times higher mortality among non-psychotic violent male offenders with alcohol problems than among controls from the general population [4] . Alcohol-related diseases, poisonings, and injuries caused by violence accounted for 49% of deaths in the violent offender group and 21% in the control group. Other longitudinal studies have presented similar results [1, 5, 6] . It has been discussed whether alcohol misuse is a cause of violence or a consequence of a criminal lifestyle, or whether these behaviors are mainly related to common background factors, and the results vary between studies [7] [8] [9] [10] . People with psychiatric disorders evince an excess mortality of both natural and unnatural causes [11] .
Understanding the link between psychiatric disorders and violent offending requires consideration of its association with history of violence, substance abuse and stressful life events [12] . Persons with mental disorders have an elevated risk for violent victimization [13, 14] . A random sample of 936 psychiatric outpatients in Chicago was 11 times more likely to be victimized by violence than the comparison group of 32,000 participants in the National Crime Victimization Survey [15] . Results from another study showed that individuals with mental disorders, alcohol and marijuana dependence experienced more often physical assault [14] . In a study of Silver et al., individuals with mental disorders were more likely to experience both victimization and convictions due to violence than individuals with no mental illness [14, 16, 17] .
There is evidence about overlapping between offending and victimization due to violence concerning early social characteristic and behaviors [18] . It has been reported that being victimized in itself is a risk factor for repeated victimization in the future [18, 19] . Likewise, a two year followup study by Shaffer and Ruback showed that earlier violent victimization, being male, substance abuse and violent offending were predictors for violent revictimization at follow-up [20] . Early emotional and behavioral problems seem to be common risk factors for both bullying and victimization among children and adolescents [21] . In existing studies, the samples are usually drawn from the criminal justice system or hospitals, which may not be representative of people in general [11, 22] .
Few studies have examined the violent offendingviolent victimization overlap and mortality pattern in a large population based cohort. There is a paucity concerning the relationship between violent offence and victimization in relation to mortality and causes of death in general longitudinal population-based studies [16] .
In this representative, nationwide, large general population study we followed 48,834 Swedish conscripts from the age of 18 up to the age of about 53, to investigate whether violent offending or being a victim of violent offending increases mortality, and if this risk is higher among those with repeated violent offending. We also investigated whether family, social and psychological factors during late adolescence modified the relationship between violent offending and death.
The specific research questions in this study were: i) Do violent offenders, victims of violence, and those who are both offenders and victims, with or without substance misuse or psychiatric disorder, have increased mortality compared to other individuals?
ii) Do mortality and causes of death differ between these three categories of individuals after controlling for early risk factors?
iii) Do violent recidivists differ from single offenders regarding mortality and causes of death?
Methods

Participants
From 1 July 1969 to 30 June 1970, 50465 men 18-20 years were conscripted for military service in Sweden. Only a small part (2-3%) was exempted from the military service mainly because of a congenital psychiatric or physical disorder or severe handicap. Most of the conscripts were born in 1949 (6%), 1950 (18%) and 1951 (75%) and in order to get as homogenous group as possible according to age, we included 48834 conscripts born 1949-51 and followed them until 2004. Their mean age at the end of the follow-up was about 53 years of age.
Measures
Each participant completed two non-anonymous questionnaires. The first included questions about family and social background, behavior, and health and the second included questions about cigarette smoking, and alcohol and drug use. The questionnaires have been found to have sufficient validity for epidemiological studies [23] [24] [25] [26] . Each participant was seen by a trained military psychologist for a structured interview and assessed on a series of variables based on questionnaire and interview data. The measures were assessed on a 1-5-point Likert scale (5 being the highest), yielding a distribution corresponding to 1 = 7, 2 = 24, 3 = 38, 4 = 25 and 5 = 7%. The ratings of the psychologists were regularly checked for inter-rater reliability in order to check good quality [26] . The conscript was referred to a psychiatrist if any psychiatric disorder was suspected, or reported by the conscript. An eventual diagnosis was coded according to ICD-8 [25, 26] .
Based on items from the questionnaires and earlier studies of risk factors for violence and mortality, we included 19 variables associated with both lifetime violent offending and mortality. After bivariate Cox proportional regression analysis, we selected ten significant variables as confounders for multivariate analyses. Variables included were: parents' divorce (yes vs. no), any previous contact with the police or juvenile authorities (yes vs. no), conduct problems at school (yes vs. no), ever run away from home (yes vs. no) and smoking (≥ 10 cigarettes/day vs. < 10 cigarettes/day or none). Also included were problem drinking (yes vs. no, with 'yes' defined as consumption of ≥ 210 g pure alcohol per week, being intoxicated often, and/or having been apprehended for public drunkenness on at least one occasion) and drug misuse, defined as having used illicit drugs 10 times or more or having used drugs intravenously one or more times vs. less than ten times or no use.
Included psychological variables were emotional control (a summary of assessed mental stability, emotional capacity, and tolerance to stress and frustration) and social maturity (feeling responsibility for activities by other persons, and having a sense of independence, and a degree of social extroversion). The two variables were assessed on the five point scale, where 1 = very bad; 2 = bad; 3 = moderate; 4 = good; 5 = very good, with the categorizations emotional control 1-2 vs. 3-5, and social maturity 1-2 vs. 3-5. Psychiatric diagnosis at conscription was defined as: yes (one or more diagnoses) vs. no.
Follow up data
The cohort was followed through official registers and was linked at Statistics Sweden via the unique personal 
Hospital data
Data from the National Hospital Register were used to identify inpatient care with violence, alcohol and drug use according to ICD-8 and ICD-9 from 1987 and ICD-10 from 1997 onwards.
The National Hospital Register includes details of inpatient care, and has covered all public hospitals in Stock 
Mortality data
Mortality data came from the Cause of Death Register, which covers more than 99% of all deaths occurring in Sweden and is based on information from death certificates. Underlying causes of death are classified according to ICD-8, ICD-9 and ICD-10 as for the hospital register. One underlying cause of death is given on each death certificate, although contributing causes can be added.
Criminal records
Data from the national Crime Register were used to identify date, type, and number of criminal offense. The Crime Register contains information on all convictions in Sweden from 1966 onwards. Serious violence was defined as: homicide, manslaughter and assault. Violent offense were categorized as follows: conviction for violence (at least one vs. none) and violent recidivism (two or more convictions vs. none).
Statistical methods
Cox proportional bivariate and multivariate regression analyses were used to calculate the hazard ratios (HRs) in the three groups of violence and all other conscripts for mortality and causes of death from 1 January 1970 up to the time of death or to the end of the observation period In order to analyze the impact of violence offence, victimization or both on mortality and causes of death, we performed multivariate Cox regression analyses adjusted for early risk factors including alcohol and drug misuse in relation to the outcomes. The early covariates are measured at the time of conscription and the exposure variables (violence, victimization and both) occurred from 1970 and onwards (see Figure 1 ). In the multivariate models we included only those variables which in the bivariate analyses were significant. We used SAS, version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
Of the total cohort, 2,671 (5.5%) died during the follow-up period at an average age of 42 years. Of these, violent offenders died at an average age of 41.8 years, victims 43.2 years and among both victims and offenders 45.3 years. Only a small part (1%, n = 32) died due to violence. Violent offenders (n = 2,139) had a mortality rate of 12.8%, victims (n = 500) of 15.6%, and individuals who were both offenders and victims (n = 235) had one of 22.1%, compared to the mortality rate of 4.9% in the other conscripts ( Table 1) .
Causes of death
The most frequent underlying or contributing cause of death was alcohol-related in all three violent groups (34.7-38.4%, compared to 13.7% in the other conscripts). Even though proportional mortality from suicide was quite similar in all four groups (Table 1) , suicide mortality was higher in the violent offender group (2.6%), in victims of violence (2.2%), and in the group of both offenders and victims (3%) compared to the other conscripts (0.9%).
Bivariate and multivariate analyses
The bivariate analyses showed that the recidivists of violent offences had nearly 11 times higher hazard of dying with an alcohol or drug-related cause and nearly four times higher hazard of suicide compared to the other conscripts, while the victims had six and twofold higher hazards of the same outcomes (Table 2) . Death with an alcohol or drug-related cause, and also other causes was high among participants who were both violent offenders and victims: HRs = 10.51 and 6.15, respectively.
Multivariate analyses showed high hazards (HR = 2.04 to HR = 3.61) of mortality due to alcohol and drugrelated causes in all three groups (Table 3) . Moreover, violent recidivists had more than threefold higher hazard of dying from an alcohol or drug related diagnosis and twofold higher hazards of dying from suicide, while no significant risk was found for accidents, neoplasm, other causes and circulatory disease. Having experiences of both violent offense and victimization was especially associated with mortality from other causes (HR = 4.56, 95% CI 2.19-9.47) ( Table 3) .
Stratification for alcohol, drug and psychiatric inpatient care
In Table 4 , we stratified for alcohol, drug misuse, and psychiatric inpatient care during the follow up period.
Violent offenders with alcohol or illicit drug diagnoses had nearly fourfold higher hazard to die compared to violent offenders with no such diagnoses. The hazards were much higher when comparing with all other participants: HR = 5.53 and HR = 7.67, respectively. Victims with alcohol-related diagnoses had a nearly fourfold elevated hazard of dying when compared to victims with no alcohol diagnosis, and a more than six fold higher hazard when compared to all the others. Likewise, participants with experiences of both violent victimization and offending and additionally alcohol or drug misuse diagnoses were associated with a nearly six and eightfold higher hazard of dying compared to the others. 
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Nearly 7% of the total cohort had been treated for a psychiatric disorder. More than one-fifth of the violent offenders and victims also had a psychiatric disorder, which led to higher hazards of dying compared to those without psychiatric disease: HR = 3.80 and HR = 2.54, and the hazards were additionally about twofold higher compared to all others in the cohort.
Considering mortality due to suicide, we also controlled for psychiatric inpatient care alone, and psychiatric inpatient care in combination with alcohol and substance misuse. We found that especially repeat violent offense were associated with higher hazards of suicide, giving an HR of 1.94 (95% CI 1.33-2.82) and 1.71 (95% CI 1.14-2.58), respectively (not shown in tables). No such association was found among victims and individuals who were both offenders and victims.
Discussion
To the best of our knowledge, this is the first study on mortality and causes of death among violent offenders, victims, or both using a nationwide representative sample with a very long follow-up period as we followed 48,834 men from the age of 18-20 years to about 53 years of age.
One major finding was that the mortality rate was much higher among violent offenders (12.8%), victims (15.6%), and in the offender and victim group (22%) than in the non-violent group (4.9%). Moreover, the alcohol and drug-related causes of death were very high in all three violent groups, while the other conscripts without experience of violence had died more often from neoplasms or accidents. More than one-third of the deaths in each violent group were due to alcohol or Bivariate analyses using Cox proportional regression. Hazard ratios (HRs) are given with 95% confidence intervals (95% CIs)
drug-related causes, compared to 14% in the non-violent group. A third finding was that the bivariate analysis showed that having been convicted for repeated violent offense was associated with a nearly eleven fold higher hazard of dying from an alcohol or drug-related cause, while one committed offense resulted in a fourfold higher hazard of dying compared to no offence. Controlling for other risk factors showed that the figures still remained significantly elevated. Further, the fact that about onethird of the violent offenders and victims had been treated for an alcohol-related condition in hospital and about 10% for a drug-related problem means that a large proportion of the offenders and victims suffered from serious substance misuse [4, [27] [28] [29] . Even though there is a paucity of population-based studies reporting mortality rates due to substance misuse in violent offenders, some studies have shown that alcohol misuse/ dependence provides four to eleven times higher risk for violence than abstainers [5, 30] .
It has been argued that offenders and victims share the same environment including risky behavior like substance use and criminality, as well as mental illness [8, 18, 31] . Another reason to the similarities in terms of substance use behavior and cause of death between offenders and victims could be that we only captured information on those participants who have been treated in hospital for injuries caused by violence. These participants can be considered severe victims. We consequently lack information about victims who never come to hospital but probably seek treatment on the open ward or elsewhere for violent incidents [22, 32] .
We found that violent offenders who had also been hospitalized with an alcohol or drug diagnosis had about a fourfold higher risk of dying compared to violent offenders with no substance use. This is in line with results from a large Australian prison cohort study reporting that one third of the death cases were due to alcohol or substance misuse and the standard ratio of drug related mortality after leaving prison was as high as 14.5 [33] . In another Australian study, Darke et al. found, among 400 illicit drug users, that almost all had experienced violent assault during their lifetime and 43% had experiences of self-harm and/or attempted suicide [34] . This implies that alcohol or drug misuse in combination with violent offending elevates the risk of mortality [6, 10] , why early prevention of alcohol and substance use will probably decrease not only the substance misuse itself, but also the risk of violence and mortality [35] .
Some studies have found violence to be more common among persons with psychiatric disorders compared to the general population [36] , while results from general population studies revealed that especially psychiatric disorders in combination with alcohol or substance misuse or other risk factors are associated with violence but not psychiatric disorders per se [37] [38] [39] . Persons admitted to hospital for a mental disorder had a two to three fold higher mortality than the general population in a recent follow up study from Nordic countries [38] . We found that men with mental disorder and experience of violence either as a perpetrator or as a victim had a two to four fold elevated risk to die compared to those with experience of violence without a mental disorder leading to hospitalization.
Studies have confirmed a strong association between psychiatric disorders and later suicide [12, 37, 38] and allcause mortality [5, 36] . Suicide has been shown to be a leading cause of death among serious violent offenders [24, [40] [41] [42] [43] . With regard to repeated violent offenders, analyses showed a nearly fourfold higher hazard to commit suicide, and after controlling for psychiatric inpatient care, the repeaters of violence had about twofold higher suicide risk, indicating that both behaviors share common denominators like behavioral dysregulation of aggression linked to the serotonergic system [43] . A repeated violent offense is an important risk factor for suicide regardless of comorbid psychiatric disorder or substance misuse [42] . Moreover, violent behavior was associated with suicide risk later in life in a recent clinical study of suicide attempters [44] .
Our finding suggests that authorities and the health care systems should focus also on prevention of violent behavior, which in turn could prevent future suicide. Further, victimized psychiatric patients had a seven fold higher hazard of dying compared to general population indicating that violent victimization is an important risk factor to target on in the clinical work.
We found, after adjustment for early risk factors, substance misuse and psychiatric disorder at conscription for all the three groups, that the hazards for mortality due to alcohol or drug problems were about threefold higher, while for circulatory and other causes of mortality about a two to fourfold higher risk among victims and individuals with both offences and victimizations but not among the violent offenders (only). In contrast to other studies, the hazards for accidents were very low or non-significant for all the violent groups. It has been reported that especially violent offenders suffer from high impulsivity and risky behavior and are more often involved in various vehicle accidents and other types of accidents leading to serious injuries (1, 5) .
The participants who had both committed at least one violent crime and been victimized had the highest proportion of death cases (22%) and often also suffered from alcohol (40%) and drug misuse (15%). It has been reported elsewhere that being a victim of violence in itself is a risk factor for offending and vice versa [20] . This violent group probably suffers from other adolescent behavioral and psychiatric problems and more often lives in an environment where criminality and substance use are common [24, 45, 46] . Among the natural causes of death, neoplasm (23%) was the most common cause among the non-violent participants, which agrees with other general population studies [5] .
Advantages and limitations
One advantage of this nationwide, representative population study is the low non-participation rate, of about 2-3%. The reasons were mainly severe disability or congenital disorders. Use of non-anonymous questionnaires may have resulted in lower reporting of sensitive issues than may have been elicited with anonymous questionnaires. In previous studies of conscripts, although limited to Stockholm, it was found that a large proportion of those participants who had not completed the questionnaire had higher rates of criminality in adulthood. This means that the prevalence of, e.g., drug use may have been underestimated, but it does not mean that the association between the variables is biased [47] . Furthermore, persons with antisocial or paranoid tendencies may be especially prone to deny their use of illicit drugs in non-anonymous questionnaires. Further, we do not know whether the participants had stopped or changed their substance use behavior after conscription, however alcohol or drug-related diagnoses derived from inpatient care registers can be considered a rather more robust measure of alcohol or drug use.
Another limitation of this study is, as has been mentioned above, that we were only able to include victims who had been hospitalized for injuries and we had no information about the perpetrators who had caused the injury. Likewise, information about crimes that had not come to the attention of the police is lacking.
Conclusions
In conclusion, violent offending and being victimized have an impact on the hazards of especially alcohol and/or drug related mortality and suicide and overall mortality and this relationship is independent from early risk factors including substance misuse and psychiatric diagnosis. It is important to more systematically screen for violent behavior and victimization in clinical settings to detect individuals with high risk. Likewise, in clinical work, patients with experience of victimization or violent offences should be systematically screened for substance abuse and receive comprehensive treatment. Both violent offending and victimization are important to recognize early as they both evince an excess mortality of both natural and unnatural causes.
